Abstract: The extensive shelf areas of the South China Sea provide an excellent area for the study of the Quaternary cycles of eustatic sea-level changes . As water depths do not exceed 200 meters and are less than 100 meters over large areas, relatively minor fluctuations of sea-level result in major lateral shifts in sedimentary facies.
INTRODUCTION
Quaternary eustatic sea-level fluctuations provide significant evidence of the intimately interrelated nature of worldwide cycles of tectonic changes of oceanic basins and continental shields. Not only did the oceanic basins periodically spill over the continents and withdraw from the continental shelves but stupendous tectonic changes took place in the oceanic basins and on the continents themselves.
Evidences of Quaternary eustatic rise and fall of sea-level are recorded in the numerous drowned mangrove swamps, raised beaches and prograding stream patterns on the continental shelves (Fisk and McFarlan, 1955 , Haile, 1970 , Hammer et aI., 1967 , Scrivenor, 1949 , Suggate, 1968 , Tjia, 1970 , Walker, 1956 , Ward, 1971 . Indications of climatic deterioration and warming are imprinted in the advancing and retreating fronts of ground moraines in temperate belts and, in the lowering and receding snowlines in the mountains of the tropical and subtropical belts (Stauffer, 1968 , Wadi a, 1949 . Waves of migration of Siwalik (Indian) and Sinian mammals in Java, and change of plant associations have been related to the cycles of Quaternary climatic fluctuations (Puri, 1946 , Van Bemmelen, 1949 , Vishnu-Mettre et al., 1963 , Wilson and Webster, 1942 . Lately, changes in the coiling direction of planktonic foraminifera have been utilised to read the Quaternary climatic fluctuations in deeper marine sediments (Beard, 1969 , Bolli et aI., 1968 , Emiliani, 1966 , Emiliani and Milliman, 1966 .
Sunda Shelf is of course one of the classic regions illustrating spectacular Quaternary tectonic changes. Molengraff recognized in the bathymetric contour of the submerged Sunda Shelf evidence of two large Quaternary river systems. According to his interpretations the Northern Sunda River had its head-waters in West Kalimantan and Sumatra, and debouched into the South China Sea near the Natuna Islands. And the East Sunda River debouched into the Bali Sea at the south end of the Makassar Straits with its headwaters in Java and South Kalimantan (in Tjia, 1970) .
With the advent of offshore petroleum exploration we can now add one more line of evidence of eustatic cbanges of sea-level in the Sunda region based on convincing determinative data from Quaternary core samples. Punch cores and sea-floor cores taken by Esso from several locations off the East Coast of West Malaysia provide lithological, formainiferal and spore-pollen evidence of cycles of appreciable shallowing, or even of subaerial emergence of areas, now 100 miles or more offshore . Lithologic evidence indicates either a lateritised surface in some locations or profuse lateritic wash in others. Foraminiferal data likewise reveal that water depths of 200 feet or more in some locations were converted to brackish lagoons, mangrove swamps, and coal marsh; in other locations water depths of the order 250 feet shoaled to bays scarcely more than 30-50 feet deep. Clays and claystones from locations with a present day water depth of 200 feet are virtually devoid of spore-pollen, although they contain abundant foraminifera. Sediments from the same locations at the HolocenePleistocene interface as well as from older Pleistocene regressive surfaces contain abundant mangrove swamp spore-pollen but are barren of foraminifera . The present day sandy East Coast of West Malaysia has a mere smattering of the mangrove vegetation, the protected West Coast being their real stronghold. Therefore, the abundance of mangrove spore-pollen at the Quaternary regressional surfaces in cores from the East Coast offshore reveals their entirely different configuration at the time of the Quaternary eustatic drops of sea-level.
LITHOLOGIC EVIDENCE

General Lithology
Lithology of eight punch cores ranging in age from Holocene to Late Pleistocene have been plotted in Figure 2 . Lithology of two sea-floor cores of Holocene to older Pleistocene are indicated in Figure 4 .
The sediments above the Holocene-Pleistocene interface are invariably unconsolidated clays of a greenish or yellowish green color, deposited in a water depth of 144-247 feet (measured depths of sea bottom).
Below the Holocene-Pleistocene contact the clays are generally more consolidated, being either claystone or clay, decidedly less plastic than their Holocene counterparts. Only two punch cores Sepat No.1 and Pilong No.1 proved an exception to this rule where the section started with a clay/claystone (without any unconsolidated portion at all). As the punch cores were taken by driving pipes perforated at the top into the sea bottom, it is assumed that there was no recovery of the Holocene clays in these two instances (personal discussion with Mr. R.T. Johnson). A higher degree of consolidation of the clays has been noted below the Holocene-Pleistocene contact for offshore Louisiana area also (Fisk and McClelland, 1959) .
The clays and claystones associated with the Latest Pleistocene and older Pleistocene regressional surfaces consistently have a greyish hue in contrast with the greenish tint of the deeper marine clays (Plate 1). Apparently a higher content of clastic organic debris in the clays and claystones deposited in a shoaled basin accounts for their greyish hue.
Lateritisation
In three locations, Tok Bidon No.1, Bintang No.1 and Tapis No.1 lateritised surfaces were encountered at the Holocene-Pleistocene interface. The lateritisation is in the form of color banding in red, brown and green or mottling in these colors (Figures 2, 3 [}E] S :dc, i t t 1phH llli it L....-" "_.<; ., A correlation between the proximity to land and abundance of clastic lateritic grains may be inferred because cores from Tok Bidan, closest to the coastline, have the highest concentration of clastic laterite.
Besides lateritisation and laterite-wash, sideritic spherulites sometime occur associated with the shoaled regressional surfaces. But as these spherulites get washed into deeper water, sideritic spherulites by themselves do not seem to have a definite palaeo bathymetric significance.
Two additionallateritised or near-Iateritised surfaces are recognisable in the older Pleistocene of Jerneh. The upper one of these, at a depth of 130 feet below sea bottom at Jerneh, corresponds well with lateritisation at a depth 95 feet below sea bottom at Besar (Figure 4 ).
The lowest lateritised surface, at the level 300-305 feet below sea bottom at Jerneh, is featured by mottling of claystones in red and greenish gray, by an abundance of sideritic spherulites and by the occurrence of charred wood. Apparently this surface was not reached in the Besar sea-floor core.
FORAMINIFERAL EVIDENCE
Punch cores provide an unique opportunity for studying and recording Recent foraminiferal assemblages. Along the east coast of West Malaysia foraminiferal assemblages have been recovered from the sea floor at depths of 144 feet to 247 feet. These associations provide excellent control for interpretation of comparable depth range assemblages in the Holocene and Pleistocene. Palaeobathymetric interpretations of water depths from 10 feet to 140 feet are based on published data. Particular use has been made of life-zones of Recent foraminifera of Southern California (Natland, 1933) , of Shell's observations on the distribution of planktonic foraminifera in offshore Borneo (1963) , of Todd and Bronnimann's observations of Mangrove Swamp T and II assemblages (1957) and of Biswas' data on the Indian coasts (1961). Tables 1 through 4 include only the more commonly found species. These assemblages provide control for palaeo bathymetric interpretations as follows: Interpretation of environment and palaeobathymetry, when foraminifera are absent due to shoaling which has converted the basin into mangrove swamps or fresh water marshes, is based on plant tissues and spore-pollen of mangrove and fresh water plants. 
Foraminiferal lists in
_7 'LMotl'~d 11'\ fed and green l'
Gre en ish grey. f irm Studies by various workers on planktonic foraminiferal assemblages have shown that coiling direction of these floating species is controlled climatic (i.e. temperature) changes. A dominance of sinistral forms indicates cold water while a dominance of dextrally coiled forms is associated with relatively warm water environment. Differences in coiling direction are present in benthonic foraminifera of the South China Sea, but as sea floor temperatures are more uniform the ratio of sinistral to dextral specimens is usually about equal. No change in the coiling directions of planktonic foraminifera from the Quaternary of the South China Sea was noticed.
Contrary to the observations of Bolli (1966, p. 456) , where depositional depths were adequate, Globorotalia truncatulinoides does occur in adjoining areas of the South China Sea in the Early-Middle Pleistocene successions.
SPORE-POLLEN EVIDENCE
Depositional Salinity Indications of Spore-Pollen
On the basis of plant associations Corner (1951) has divided the coastal region of West Malaysia from the seaward end to inland into the following ecological regimes: ing from 500-5000 ppm and are either devoid of common foraminifera or contain extremely small "microforaminifera" usually washed through sieves in routine micropaleontologic work. 4. Fresh water marshes with soil and substrate salinities of 500 ppm or less of total solutes are totally devoid of even "microforaminifera".
These criteria of plant associations and tidal salinities are equally applicable to the punch cores from West Malaysian offshore because the same species of plants and foraminifera extend from the subtropical Bengal Delta to the mangrove swamps of Malaysia. It is true that spore-pollen from fresh water marsh habitats can and do get washed into the mangrove swamp habitat, and the mangrove swamp elements in their t urn to the delta-front bays. But when they do so, such spore-pollen assemblages are associated respectively with Mangrove II and Mangrove Ijbay foraminifera so that taking both spore-pollen and foraminiferal evidence together the true habitat of sedimentation can be established beyond question.
Punch Core Data
Several Recent samples from a water depth of 144-247 feet and more were processed for spore-pollen. These were found to be either barren or to contain insignificant quantities of spore-pollen. The same samples of course contain abundant foraminifera, including a sizeable fraction of planktonic foraminifera in waters deeper than 200 feet.
In contrast the sample of peaty lignites (with no obvious fibrous structure) associated with the Holocene-Pleistocene regressional surface of Tapis contain an admixture of spore-pollen of a fresh water marsh as well as of mangrove swamp habitat (plate 2). The fresh water element is constituted of such forms as: Gleichenia linearis (Burm.), Polypodiaceae, Lygodium sp., Cannaceae, Ilex cf. cymosa, Eugenia spp., Mimosaceae and Barringtonia. The mangrove swamp elements are represented by abundant pollen of various genera of the Rhizophoraceae.
The carbonaceous claystones from 5 feet 6 inches to 7 feet in the Jerneh No. 1 punch core contain not only an admixture of fresh water marsh and mangrove swamp spore-pollen assemblages (Plate 3) but also strongly brackish lagoonal/bay foraminifera. The depositional salinity of the level apparen tly ranged between 20,000-30,000 ppm.
Spore-pollen assemblages from the older Pleistocene regressional sequence at 252 feet below sea bottom of Jerneh (Figure 4 , Plate 4) contain an admixture of fresh water marsh, Pandanus-Barringtonia transitional swamp, Nipa palm tidal swamp as well as Rhizophora (-Sonneratia) mangrove swamp assemblages. The tidal salinity of the assemblage fluctuated within the range 10,000-20,000 ppm.
Spore-pollen and Sea-level Drop
The present day water depth at Tapis and Jerneh are 219 feet and 205 feet respectively. The existence of mangrove swamps at a depth 4 feet 8 inches to 6 feet below sea bottom at Tapis, and of brackish lagoons at a depth 5 feet 6 inches to 7 feet below sea bottom at Jerneh, indicated by spore-pollen data, provide an independent line of evidence of an eustatic drop of sea-level at the Holocene-Pleistocene interface.
The occurrence of plant debris with no foraminifera 17 feet below the sea bottom at Belumut No.2 is another instance of vegetational indication of sea-level drop in the Latest Pleistocene epoch (spore-pollen from this level was not studied).
Likewise, mangrove swamp deposition at 252 feet below sea bottom of Jerneh indicated by spore-pollen is evidence for an older Pleistocene cycle of sea-level drop in the South China Sea.
Floral Contrast of Tropics and Subtropics
There is little contrast in the foraminiferal assemblages from comparable water depths of the tropics and the subtropics. This raises the question of biologic and palaeobiologic contrast between tropical and subtropical regimes.
The distinction lies more in the distribution and adaptation of plant life in these belts rather than those of marine animals. Because, water temperature contrasts are less for one thing. As water temperature drops with depth in the tropical seas, an ecologic continuity with the marine habitats of the SUbtropical seas is acheived at comparatively shallow water depths. Therefore, virtuall y the same marine animals are found in the tropical and subtropical seas.
One major distinction lies in the great diversity (500 species) as well as profusion of ferns in the tropics and their paucity at comparable altitudes in the subtropics (Holttum, 1954) . Punch cores testify to a comparable variety and abundance offerns in West Malaysia throughout the Quaternary. Studies of the Recent and Pleistocene flora of the Bengal Delta by the wri ter confirm the paucity of ferns throughout the Quaternary at low altitudes in the subtropical belt (unpublished data).
A second contrasting feature of plant distribution in the tropics lies in the occurrence of several flowering plant genera throughout the Quaternary in West Malaysia, that are also known from the northern temperate belt, but are missing from the intervening subtropics. The occurrence of pollen of Podocarpus, flex spp., Quercus spp., all temperate genera, throughout the Quaternary in West Malaysia in punch cores brings out this interesting fact. Podocarpus polystachyus, flex cymosa and Quercus conocarpa flourish and flower at sea-level in West Malaysia at the present day. None of these genera are known in their natural habitat in the plains of India; even if they are cultivated as cultured specimens, they never bloom there. Nor are their pollen known in the Quaternary successions of the Bengal Basin, although surprisingly the pollen of these genera can be identified from the Eocene fresh water marshes of Bengal (Biswas, 1962) . Similar instances of the occurrence of north temperate flowering plants and ferns in the Recent flora of the Sunda region have been recorded by Steenis (1934) and Holttum (1954) .
There are two obvious aspects of climatic differences between the tropics and subtropics.
1. Tropical Malaysia and the Sunda region are humid throughout the year with rainfall every month. In the Indian Plains there is a 4-6 month dry spell with the winter break, which is specially detrimental to the existence offerns except for the most sturdy and adaptive ones. A.C. (1967, p. 61-63 ) "Welcome Aboard" temperature chart lists average variations from January through December as 40°_64° F in London, 59°-96° F in Delhi and 80°-82° F in Singapore. The question may be raised why should we not use the average temperature variation of Calcutta, 67°-86° F, from the same chart instead of that of Delhi? The reason is that the Quaternary cycles of deterioration of temperature are believed by the writer to be the cut-off phase of an annihilation of many plant genera and species from the subtropical plains. According to Emiliani ()966b) the order of sea water temperature reduction during the Quaternary eustatic drop of sea-level in the Caribbean was 6° C. As the order of drop of atmospheric temperatures corresponding 6° C drop of sea water temperature, would be nearly double, the average minimum temperature of Calcutta during the cycles of Quaternary chilling more nearly approached that of the present day in the neighbourhood of Delhi. It is worth pondering if the intermigration of the montane flora of Malaysian (Steenis, 1934-35) and of the temperate belts might have had taken place during these same cycles of Quaternary climatic deterioration.
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Whether this pattern of variation of humidity and temperature can explain the adaptation of Podocarpus, Ilex, Quercus and similar genera in the tropical Sunda Land as ""ell as northern tropical belts (also in the cooler Lower Himalayas) and account for their failure in the subtropical plains of India is hard to verify. The writer cannot think of alternative explanations. The absence of the Himalayas, the occurrence of the Tethys Sea in the Eocene where the Himalayas are now located, and of occurrence of another Eocene sea along the Arakan Yomas certainly suggest a much more equable climate for the plains of India in the Eocene. The abundance of fern spores, and the occurrence of !lex, Podocarpinae and Fagaceae in the Eocene sediments of India obviously indicate a greater similarity between the climate of India at that time and that now prevailing in West Malaysia.
It is interesting to observe that many species of flowering plants that bloom in India only in summer flower the year round in Malaysia, e.g., Delonix regia, Lagerostroemiajios-reginae, Mangifera indica, Artocarpus indica etc. Although blooms are not subject to fossilisation, the seasons of flowering and their relation to prevailing wind directions may have a bearing on the past and present pattern of dispersal of spore and pollen grains.
Estimation of the extent of sea-level drop is easier and more reliable for the Holocene-Pleistocene interface as there is control from eight locations (Figure 2 ).
For six locations where withdrawal of the sea was total with a subaerial exposure of the depositional basin, the magnitude of withdrawal can be confidently estimated: 
AGE OF FLUCTUATION OF SEA-LEVEL
Holocene-Latest Pleistocene
Only one absolute age measurement is available from the punch cores. Lignites from the level 4 feet 8 inches from Tapis No.1, associated with the latest cycle of Quaternary sea-level drop, was radiocarbon dated at 1l,170± 150 years B.P. (Figures  2 and 3 ).
There is considerable discussion in literature regarding the absolute age of the Holocene-Pleistocene boundary (Morrison, 1969) . The more or less complete concensus in Europe places the contact at 11 ,000 years.
Difference of opinion still exists regarrung the choice of the boundary, and the age of the Holocene in the United States, especially in the Gulf Coast. There the boundary is still placed by many at 18,000-20,000 years. It is significant that Wilson and Webster recognized a sharp dwindling of the Conifer pollen of Picea (spruce) in the type region of Wisconsin in bog sections (1942) . This event has since been age-dated at 11,000 years by the radiocarbon method. It is likely that the Holocene-Pleistocene boundary will eventually be placed at the same level in the Gulf Coast (Morrison, 1969) . The colleagues of the writer have pointed out that lately the Holocene-Pleistocene contact in the Gulf of Mexico region has been raised considerably rugher, to possibly as high as 7000 years B.P. Therefore, it seems reasonable to assume that the latest Quaternary drop of sealevel recognized in punch cores from the eight locations of offshore Malaysia ( Figure  2 ) truly corresponds to the Holocene-Pleistocene contact, coeval with the Wiirm event of Europe and possibly the Latest Wisconsinian of the United States.
Pleistocene
Control on Pleistocene eustatic drop of sea-level exists only in the sea-floor cores at Jerneh and Besar (Figure 4 ).
Four marine regressive events and three events of sea-level rise can be recognized down to 387 feet below sea bottom in Jerneh. Due to the briefness of the interval of separation of third (Ra) and fourth (R4) regressive events it is difficult to be sure if they are the same event with a sudden rise of sea-level in between or if they are indeed separate events related to independent cycles of eustatic drops of sea-level. In view of the substantial magnitude of the sea-level rise (T4) in between Ra and R4 it is tempting to assume Ra and R4 to be distinct and separate events. In the absence of continuous core control extending to the base of the Pleistocene, it is not possible to establish the relations of Ra and R4 satisfactorily, as we do not know if additional events of eustatic drop of sea-level are represented lower down in the Pleistocene.
Two regressive and two transgressive marine events can be identified at Besar. As the control does not extend lower down Ta (Figure 4) , it is not possible to be certain about the spatial spread of events Ra and R4 at Jerneh.
Although there is a general correspondence of the events of sea-level rise and drop between Jerneh and Besar successions, it is noticeable that neither the extent of sealevel rise and fall nor the rates of subsidence and sedimentation in the two areas are uniform.
QUATERNARY CONFIGURATION OF THE WESTERN
PART OF THE SOUTH CHINA SEA
The approximate positions of shore lines at the Latest Pleistocene eustatic drop of sea-level have been superimposed on the present day bathymetric contour map of the South China Sea (Figure 1 ). As extensive areas of the western part of the South China Sea have water depths of 250 feet or less at the present day, it is obvious that a shoaling of the order of 200 feet or more caused its substantial shrinkage approaching some 300,000 square miles ( Figure 5 ). Perhaps much of the western part of the modern South China Sea became fresh water marshes and mangrove swamps except for a relatively narrow arm of the sea along the center of the basin. A striking confirmation of such an inference exists in the manner of distribution of spore-pollen of mangrove swamp plants in the Quaternary successions of the East Coast offshore punch cores.
Watson has observed that 98.5 % of the modern mangrove forests of West Malaysia is restricted to its west coast where the shoreline is protected (1928, p. 5, 10) . In contrast the sandy shoreline of the open East Coast of West Malaysia contains a mere 1.5 % mangrove forests near old river mouths. Such a pattern of distribution of the mangrove forests readily explains the paucity of mangrove pollen in the Holocene punch core sediments of the East Coast offshore. Yet there is an overwhelming abundance of mangrove pollen in the East Coast offshore sediments associated with the Holocene-Latest Pleistocene eustatic drop of sea-level as well as with older Pleistocene regressional events. Obviously, with the eustatic drops of sea-level the configuration of the western part of the South China Sea changed enough to transform its open coast line to protected bays, estuaries and inlets teeming with mangroves. The frequent occurrence of micas and lateritic clastics in locations like Jerneh and Bujang indicate that river mouths discharging such clastics lay close by. 
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The elongate depression that can be identified in the present day bathymetric contour map of the South China Sea (Fig. 1) either existed as such or in a modified form throughout the Quaternary Period. During cycles of rise of sea-level the Quaternary South China Sea looked very much like its modern counterpart. It must have been a different sight altogether during the cycles of eustatic drop of sea-level. Brackish lagoons and bays existed at the center of the basin bordered by widespread mangrove swamps and forests, obviously one ofthe largest mangrove colonies, ever known in the history of the world. Fresh water marshes fringing these mangrove swamps must have provided enough continuity for the phases of intermigration of Quaternary mammals between West Malaysia, Sumatra, Java and Borneo as weB as adjacent offshore regions, the Great Sunda of authors, the land that emerged and faded time and again before the eyes of the prehistoric man and the Java ape man ! 
